Background. Anti-neutrophil cytoplasmic antibody (ANCA)-associated glomerulonephritis has a poor prognosis. In the current study, we assessed whether prognosis in these patients improved over the last three decades. Methods. In a large inception cohort, all consecutive patients with ANCA-associated glomerulonephritis were included between January 1979 and December 2009. Inclusion criteria were the presence of ANCA and the availability of a kidney biopsy. To assess renal and patient survival, patients were divided in three groups through time: 1979-89, 1990-2000 and 2001-09. Results. A total of 181 patients were included. One-, 5-and 10-year survival was 77, 66 and 49%, respectively. Survival within the time groups was significantly different, yielding a hazard ratio for death of 2.9 for 1990-2000 and 3.9 for 1979-89 compared with 2001-09 (P < 0.001). Serum creatinine and active lesions as found in the kidney biopsy significantly decreased through the three decades. Conclusions. Both patient and renal survival in patients with ANCA-associated renal vasculitis have improved over the last three decades. We postulate that both earlier diagnosis and better therapeutic management of patients are responsible for this effect.
Introduction
Granulomatosis with polyangiitis (GPA; Wegener's) and microscopic polyangiitis are characterized by the presence of vasculitis predominantly affecting small vessels and the presence of anti-neutrophil cytoplasmic antibodies (ANCA) [1] [2] [3] . ANCA present in these diseases are directed against myeloperoxidase (MPO) and/or proteinase 3 (PR3).
The introduction of cyclophosphamide and corticosteroids in the 1960s led to a dramatic improvement of the prognosis of these diseases with over 90% of patients achieving remission, while in untreated patients, the 1-year mortality was 80% [4, 5] . Despite advances in treatment during the last decades, relapses frequently occur [6] . Furthermore, long-term mortality as well as morbidity in ANCA-associated vasculitis (AAV) remains high [7] [8] [9] and end-stage renal disease is common, occurring in up to 30% of patients [10] [11] [12] [13] [14] [15] [16] .
Recently, Holle et al. [17] showed that the mortality of GPA declined over the last four decades. Since most of the GPA patients in this study did not have renal involvement, we wondered whether the outcome of patients with the more severe form of AAV-i.e. patients with pauciimmune necrotizing crescentic glomerulonephritis-also improved over the last decades. For this purpose, we retrospectively analysed clinical, laboratory and histological data from the Limburg Renal Registry cohort from 1979 to 2009.
Materials and methods

Patients
Consecutive patients from our prospective regional Limburg Renal Registry between 1 January 1979 and 31 December 2009 were included [18] . Inclusion criteria were the availability of a kidney biopsy demonstrating pauci-immune necrotizing crescentic glomerulonephritis at the time of diagnosis and positivity for either MPO-or PR3-ANCA [1] . Exclusion criteria were the presence of co-existent renal diseases such as diabetes mellitus (DM), thin basement nephropathy and/or anti-glomerular basement membrane antibody-associated disease (anti-GBM disease). At the time of biopsy, clinical data and the need for renal replacement therapy (RRT) were recorded. In addition, time between first symptoms and renal biopsy was retrieved from the patient charts. Follow-up was closed in June 2010. Disease activity at the time of renal biopsy was scored using the Birmingham Vasculitis Activity Score (BVAS) [19] . In addition, 24 h urine samples were collected and proteinuria was measured [18] . Relapse of AAV was defined as the recurrence of clinical symptoms and/ or the recurrence of erythrocyturia with proteinuria with or without histological confirmation of vasculitis and/or glomerulonephritis in combination with escalation of the dose of immunosuppressive therapy [20] . Renal survival was defined as preserved renal function (i.e. no need for RRT). To assess change of patient and/or renal survival through time, patients were divided into three time groups ranging from 1 January 1979 to 31 For induction therapy, patients received steroids with oral cyclophosphamide (2 mg/kg/day) during 3-6 months from 1979 until 2009 [12, 13] . From 2009, patients received steroids with cyclophosphamide intravenously (15 mg/kg/cycle). Patients received three intravenous pulses 2 weeks apart which were followed by pulses 3 weeks apart until remission was achieved. Upon remission, intravenous cyclophosphamide was continued for 3 months. Cyclophosphamide was adjusted for age and renal function when given intravenously [21] . In severe or life-threatening disease, intravenous methylprednisolone (1000 mg/day for 3 days) and/or from 2000 plasma exchange were added [22] . After induction of remission, oral cyclophosphamide was tapered and eventually stopped during follow-up (18-24 months after remission induction). From 2000 on, however, induction therapy was followed by maintenance therapy with azathioprine instead of cyclophosphamide [13] .
Methods
Kidney biopsies were processed as previously described [18] . Plasma and serum samples were collected at the time of renal biopsy and stored at −80°C.
Serum was tested for MPO-and PR3-ANCA. Since routine testing for ANCA was introduced in 1989, ANCA was tested retrospectively in serum samples of patients who underwent renal biopsy before 1989. Samples were tested by the indirect immunofluorescence technique and both by a direct and by capture ELISA [23] .
Histological scoring
Scoring was performed by our renal pathologist (P.B.V.) blinded from clinical data. We applied the classification scheme developed by the EUVAS for ANCA-associated glomerulonephritis [24] . According to this classification, renal biopsies were classified as 'focal' (≥50% normal glomeruli), 'crescentic' (≥50% crescentic glomeruli) or 'sclerotic' (≥50% sclerotic glomeruli) with the remaining biopsies classified as 'mixed'. Moreover, we classified biopsies using a scheme that we previously adopted [12] based on the classification scheme which was developed by the NIH for lupus nephritis [25] . This scoring system, hereafter called 'histological groups', assesses both glomerular and tubulointerstital damage. Activity scores included fibrinoid necrosis (endothelial necrosis with a capillary leak), leucocyte margination (three or more leucocytes in one glomerular loop), cellular crescents (extracapillary proliferation) and interstitial inflammation ( presence of immune cells in the interstitium) adding up to a maximum of 10 points. Chronicity scores included: fibrocellular crescents (extracapillary proliferation with sclerosis), interstitial fibrosis, tubular atrophy, glomerular obsolescence and fibrous crescents (sclerosed extracapillary proliferation) adding up to a maximum of 10 points. Lesions were counted per glomerulus. The number of affected glomeruli was expressed as the percentage of the total number of glomeruli observed in one section. Glomeruli that were not entirely on the slide were not counted. Biopsies were divided in four groups: minor lesions (<3 points on activity and on chronicity), active (>3 points for activity and <3 points on chronicity), chronic (vice versa) and combined lesions (>3 on activity and >3 on chronicity).
Statistical analysis
Continuous variables were presented as mean ± SD or as median and inter-quartile range (IQR). Categorical variables were presented as percentages. Differences in continuous and categorical variables were checked using the independent-samples t-or the Mann-Whitney U-test and the χ 2 or Fisher's exact test, respectively. Survival rates were estimated with the Kaplan-Meier method and differences in estimated survival curves were assessed using the log-rank test. Endpoints for patient survival were death, loss-to-follow-up or closure of study. Endpoints for renal survival were the start of RRT, patient death, loss-to-follow-up or study closure. Renal survival rate was presented as death-censored and as non-death-censored in separate figures. The effect of time groups (1979-89, 1990-2000 and 2001-09) was analysed by simple and multiple Cox regression, where the effect is adjusted for potential confounders using the 10% rule of Maldonado and Greenland [26] . The proportional hazards assumption was checked using Schoenfeld's residuals [27] . A two-tailed P-value of ≤0.05 was considered statistically significant. Statistical analyses were performed with SPSS 17.0 for Windows.
Results
Patient characteristics
In total, 197 consecutive patients with AAV with renal involvement were eligible for the study. Sixteen patients (8.1%) were excluded for co-existent renal diseases (eight with anti-GBM disease, six with diabetic nephropathy and two with thin basement nephropathy). Thus, 181 patients (age 61.4 ± 14.4; 71.3% male) were included in our study. At the time of renal biopsy, the median serum creatinine level of these patients was 315.0 µmol/L (IQR 347.5) and the median proteinuria level was 1.25 g (IQR 2.15) per 24 h. The mean time between first symptoms and renal biopsy was 87 days (range 2 days to 1.5 years). Twenty-five patients (13.8%) were on dialysis at the time of renal biopsy and 20 patients (11%) had alveolar lung haemorrhage at the time of renal biopsy.
The period of 1979-89 included 34 patients (median follow-up 5.7 years, range 0.1-28.5 years for all patients; for patients alive at the end of study: median follow-up 22.6 years, range 20.3-28.5 years). The period of 1990-2000 included 49 patients (median follow-up 3.9 years, range 0.1-19.4 years for all patients; for patients alive at the end of study: median follow-up 11.5 years, range 10.0-19.4 years). Finally, 98 patients were included in the period of 2001-09 (median follow-up 3.1 years, range 0.4-9.8 years for all patients; for patients alive at the end of study: median follow-up 3.9 years, range 0.4-9.8 years). Baseline characteristics per time group are presented in Table 1 .
Patient survival
None of the patients were lost to follow-up. Of the 181 patients included, 79 (43.6%) died after a median followup of 39 months (range 1 day to 28 years).
Patient survival was 77.2% at 1 year, 65.8% at 5 years and 49.5% at 10 years ( Figure 1 ). The median survival time as calculated by the Kaplan-Meier estimation was 10.4 years [95% confidence interval (CI) 8.23-12.54]. The 1-year patient survival in patients who presented with a serum creatinine ≥500 µmol/L was 61.9%. Causes of death occurring within 1 year after diagnosis were sepsis (11 patients; 13.9%) or active vasculitis (6 patients; 7.6%), whereas death occurring during long-term followup was mainly due to cardiovascular events (18 patients; 22.8%), malignancies (6 patients; 7.6%), kidney failure (i.e. patients refused RRT; 3 patients; 3.8%) or infections (5 patients; 6.3%). Thirty patients (37.9%) died at home (cause unknown; no autopsy was performed). Mortality was significantly associated with age, serum creatinine at the time of diagnosis, ANCA subtype, histological groups and time groups in simple analysis. In the multiple Cox regression, ANCA subtype and histological groups were not significantly associated with mortality, but age, serum creatinine and time groups remained significant ( Table 2) .
Renal survival
Estimated renal survival rate not censored for death was 66.7% at 1 year, 53.5% at 5 years and 36.9% at 10 years.
At the time of renal biopsy, 25 (13.8%) patients were on dialysis. During follow-up, 10 (40%) of these patients recovered. Of the 156 patients who were RRT independent at the time of renal biopsy, 12 (7.8%) became RRT-dependent during follow-up after a median period of 28 months (range 11 months to 16 years). At study closure, 27 (14.9%) patients were RRT-dependent. Serum creatinine, the presence of chronic lesions in the kidney biopsy and time groups were significantly associated with renal survival in the multiple Cox regression analysis (Table 3) .
Histology
Applying the EUVAS scoring system, 51 (28.2%) biopsies were classified as 'focal', 77 (42.5%) 'crescentic', 52 (28.7%) 'mixed' and 1 (<0.1%) 'sclerotic'.
The 'focal' group had the best renal survival, whereas the 'crescentic' group had the worst (P = 0.057; data not shown). Moreover, patients in the 'focal' group had a significantly better patient survival when compared with the 'crescentic' group in simple Cox regression (P = 0.020) but not in multiple analysis (P = 0.436).
Scoring the biopsies using the NIH lupus nephritis modified scoring system, 63 (34.8%) biopsies contained minor lesions, 25 (13.8%) contained active lesions, 75 (41.4%) contained chronic lesions and 18 (9.9%) contained combined lesions. Serum creatinine levels were higher in the group of chronic and combined lesions when compared with the other groups (P = 0.010). Proteinuria, however, was similar in all histological groups (P = 0.421; data not shown). Histological groups were significantly related to renal (Table 3) but not to patient survival (Table 2) .
Changes over time
Patient survival was significantly different between the three time periods: 1-year survival was 64.7% for the period of 1979-89, 63.3% for the period of 1990-2000 and 88.5% for 2001-09, whereas 2-year survival was 61.8, 59.2 and 84.8%, respectively (P < 0.001; Figure 2 ). These differences were confirmed by the multiple Cox regression analysis (Table 2) Table 3 ). (Table 1) . Over time, we observed that the number of biopsies in the 'focal' group (EUVAS classification) increased significantly from the 1979-89 group to the most recent time group (P < 0.001; Table 1 ). Furthermore, according to the NIH lupus nephritis modified scoring system, the activity index decreased, whereas the chronicity index remained stable (activity index P = 0.007, chronicity index P = 0.825; Figure 5 ) over time. The number of biopsies containing active or combined lesions decreased through the different time groups. Histological groups over the three time groups differed significantly (P = 0.006; data not shown).
Changes of clinical and histological characteristics over time
Discussion
Over the last three decades, both patient and renal survival have improved significantly in patients with AAV. Analysing the three different decades of 1979-89, 1990-2000 and 2001-09, we showed that mortality was significantly higher in the period of 1979-89 and 1990-2000 when compared with the last decade. Also, renal survival improved significantly in the last decade.
There are several explanations for this improved outcome: First, early testing for ANCA in patients with a clinical suspicion of glomerulonephritis may have reduced the diagnostic delay in these patients. Baseline serum creatinine values were lower in the group from 2001-09 compared with the values obtained during the other two decades. Moreover, the number of kidney biopsies containing active lesions decreased and the number of patients with 'focal' and/or 'minor' lesions increased through the years. Both observations may be a consequence of an earlier diagnosis. We postulate that awareness of the ANCAassociated vasculitides and its manifestations increased among all medical specialities in our region during recent years and may be responsible for this effect. Interestingly, major differences in the mean serum creatinine levels and histology were not observed between the periods 1979-89 and 1990-2000, although ANCA testing was introduced in 1989 in our region. We postulate that it took several years before awareness among medical specialists in our region was raised, resulting in lower serum creatinine values and less renal damage in the kidney biopsy only in the period 2001-09. Our finding that the 'focal' group has the best renal survival is in line with the EUVAS classification by Berden et al. [24] . In our study, however, the renal survival of the 'crescentic' group was worse than that of the 'mixed' group which contrasts our findings with those of Berden et al. In our study, we found more normal glomeruli in the 'mixed' group than in the 'crescentic' group (43 versus 22%). We think that the higher amount of normal glomeruli in this group compared with the crescentic group may explain the better renal outcome in our 'mixed' group [14, 15] .
Secondly, better management and better treatment may have improved patient and/or renal outcome. During the last decades, treatment strategies have changed based on randomized controlled trials resulting in establishing modern treatment paradigms [3] . Importantly, plasma exchange was added to standard therapy in 2000 in our region for cases with severe renal and/or pulmonary vasculitis. A recent meta-analysis showed plasma exchange to be beneficial, diminishing the risk of end-stage renal disease [28] . Indeed, we demonstrated that patients with a serum creatinine value >500 µmol/L had a significantly improved outcome following the introduction of plasma exchange in 2000.
A study from the previous millennium reported no change in prognosis between the time periods of 1975-82 and 1985-95 in patients with ANCA-associated glomerulonephritis [29] . When analysing outcome studies from the last 30 years where patients with AAV with renal involvement were included, an improving trend, however, can be seen [9, 10, 16, [29] [30] [31] [32] [33] [34] [35] [36] . In the 1980s, an early study [34] showed a 1-year patient survival of 54% and a late study showed a 1-year survival of 81% [36] . From then on, 1-year patient survival increased in ANCAassociated glomerulonephritis and was reported to be above 85% [9, 10, 16, 35] (Figure 6) .
Moreover, recent studies demonstrated improved outcome in patients with non-renal and renal AAV during the last decade when compared with prior decades [17, 37] . In our study, we now demonstrate that this improvement is true for patients with either PR3-ANCA or MPO-ANCA-associated glomerulonephritis. Also, Flossmann et al. [9] , who studied patients enrolled in EUVAS trials, recently observed improved outcome of patients with AAV. In contrast to the study by Flossmann et al., our study was a study of an inception cohort. We believe this to be of importance since disease presentation and outcome in general may differ between patients who are enrolled in clinical trials compared with those who are followed within an observational cohort [38] .
In our study, we observed both an improved patient ( Figure 2 ) and renal survival (Figure 3 ) over time. Deathcensored renal survival was, however, not different between time group 1979-89 and 2001-09 in the multiple Cox regression analysis. Since the HR for 1979-89 was 1.99, non-significance was probably due to a lack of power from the relatively small group in 1979-89 (n = 34).
However, the time period 1979-89 was not an independent predictor for death-censored renal survival corrected for serum creatinine and histology. This may indicate that improved outcome is not solely dedicated to improved therapy but also to earlier diagnosis as reflected by lower serum creatinine and fewer renal damage at the time of diagnosis in the most recent time period (Table 1) .
In summary, we demonstrated in a large inception cohort that patient and renal survival in ANCA-associated glomerulonephritis improved substantially during the last three decades. This may be due to a decrease in diagnostic delay and improved therapeutic strategies. Fig. 6 . The 1-year patient survival rates in AAV with renal involvement reported over the last 30 years, including our own data (linear regression analysis P = 0.01). Studies are indicated with their citation number (see references): Serra et al. [34] (n = 53); Savage et al. [33] (n = 34); (A) this study period 1979-89 (n = 34); Wilkowski et al. [36] (n = 170); Garrett et al. [31] (n = 30); Gans et al. [30] (n = 60); Hogan et al. [16] (n = 170); McLaughlin et al. [29] (n = 47); Hedger et al. [32] (n = 128); (B) this study period 1990-2000 (n = 49); Booth et al. [10] (n = 246); Weidner et al. [35] (n = 80); Eriksson et al. [37] (n = 95); (C) this study period 2001-09 (n = 98); Flossmann et al. [9] (n = 535).
